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Express Mail Label No. EL703381007US 

[000 1 ] Method To Deskew Or Skew Optical Channels 

[0002] BACKGROUND 

[0003] The present invention generally relates to transmission of optical signals over 
a multi-channel fiber optic cable, and more particularly, to a method for skewing or 
deskewing the channels in an optic fiber cable. 

[0004] It is a common problem in the industry of fiber optic data transmission that the 
optic pulse transit time in parallel optical links or channels can vary to such a degree that 
overall system performance is degraded through pulse arrival time mismatch. While ribbon 
cables can be produced that have low channel-to-channel skew, this manual matching of 
individual optic channel skew rates is only capable of producing multi-channel cables 
having one to two picoseconds/meter skew values over relatively short cable lengths, 
typically in the range of 1 to 1 5 meters. This optical skew has been addressed in the past by 
allowing sufficient time between the optical pulses such that the channel-to-channel skew 
does not cause simultaneously launched optical pulses in different optical channels to arrive 
at such temporally displaced increments that the following pulse on the fastest channel 
arrives prior to the initial pulse on the slowest channel. It has been known to correct the 
skew in an ooptical channel electronically or through the addition active deskew devices, 
which has previously been done in short length optical cables, such as in high performance 
computer systems. 

[0005] Based on the increased need for high speed transmission, there is a desire in 
the industry to have optical channel lengths of 100 meters or greater having optical skews 
less than 100 to 200 picoseconds based on the prior known methodology. 
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[0006] SUMMARY 

[0007] Briefly stated, the present invention provides a method to skew or deskew a 
plurality of optical channels in a multichannel optical cable. The method includes the steps 
of determining an optical pulse transmission time in at least a first channel and a second 
channel of the multichannel optical cable. A relative pulse delay between the at least first 
and the second channels of the multi-channel optical cable is calculated. Delay optics with 
the appropriate relative pulse delay are serially optically connected to at least one of the 
channels to one of skew or deskew the first channel relative to the second channel. 
[0008] In a preferred method, the optical pulse transmission time in each of the 
channels of the multi-channel optical cable is determined. The relative pulse delay between 
each of the channels relative to a slowest channel is calculated and mapped. Delay optical 

M waveguides with the appropriate delay time are serially optically connected to each of the 

□ 

□ respective channels, except the slowest channel, to deskew each of the channels relative to 

w one another. 

•3 

u 
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y:i [0009] BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] The foregoing summary, as well as the following detailed description of the 
M preferred embodiments of the invention will be better understood when read in conjunction 

q with the appended drawings. For purposes of illustrating the invention, there are shown in 

u 

the drawings embodiments which are presently preferred. It should be understood, however, 

that the invention is not limited to the precise arrangements shown. 

[0011] Figure 1 is an enlarged view of a multi-channel optical cable, partially broken 

away, having a plurality of deskewed optical channels in accordance with the present 

invention. 

[0012] Figure 2 is a partial view similar to Figure 1 showing a second embodiment 
of the delay optics used for deskewing a multi-channel optical cable. 
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[0013] Figure 3 is a partial view similar to Figure 1 showing a third embodiment of 
the delay optics for deskewing a multi-channel optical cable. 

[00 14] Figure 4 is a chart showing the optical skew of an eight channel fiber bundle; 
[0015] Figure 5 is a chart showing the eight channel fiber bundle of Figure 4 which 
has been deskewed in accordance with the present invention 

[00 1 6] DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0017] Referring now to Figure 1, a multi-channel optical cable 10 is shown. The 
optical cable 10 includes a plurality of optical channels 12, 14, 16, 1 8 formed by optic fibers. 
While the preferred embodiment shown includes four optical channels 12, 14, 16, 18, it will 
be recognized by those skilled in the art from the present disclosure that any number of 
optical channels may provided. Additionally, the cable 10 may be formed as a ribbon, a 
stacked array or in any other suitable arrangement. Preferably, each channel 12, 14, 16, 18 
is formed from single optical fiber. Each fiber may be a step index fiber, a graded index 
fiber or a single mode fiber. 

[0018] The multi-channel optical cable 10 is used for transmitting signals from an 
optical signal emitter 20 to an optical signal detector 30. Preferably, the emitter 20 
comprises an array or other ordered arrangement of optical pulse signal generators, such as 
an VCSEL array or an LED array, or any other suitable arrangement such that the emitters 
are aligned with a respective optical channel 12, 14, 16, 18 of the cable 10. One or more 
delay optics devices 40, 40\ 40" are serially optically connected to the optical channels 12, 
14, 16, 18. The delay optics devices 40, 40', 40" preferably comprise a delay optical wave 
guide with a selected delay time which is required in order to skew or deskew the plurality 
of optical channels 12, 14, 16, 18 relative to other optical channels 12,14, 16 and/or 18. 
[0019] The delay optical wave guides 40, 40', 40" in accordance with the first 
preferred embodiment of the invention are formed from an optical wave guide having the 
same or a higher refractive index than the refractive index of the optical channels 12, 14, 
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16, 1 8. If delay optical waveguides having the same index as the optical channels are used, 
the amount that the optical pulse is slowed is directly proportional to the length of the delay 
optics. Since the velocity light in a medium is inversely proportional to the refractive index, 
the higher refractive index of the delay optical wave guides the slower the speed of the 
optical pulse. Using a higher index delay optical wave guide in combination with a required 
length of the delay optical waveguide can also be used to slow one channel 12,14,16, 18 
relative to another channel 12, 14, 16 and/or 18 . 

[0020] In the first preferred embodiment shown in Figure 1, the delay optical wave 
guides 40, 40 f , 40" each have a refractive index n d , which is preferably equal to the refractive 
index n of the optical fibers forming each channel. Different delay times can be achieved 
by providing delay optical wave guides 40, 40', and 40" with different lengths LI, L2, L3, 
with the length difference providing different gradations of temporal delay in optical signal 
transmission. Additionally, n d could be varied, if desired. 

[002 1 ] The delay optical wave guides 40, 40 f , 40 " are preferably provided in the form 
of optic fibers, and are connected to the channels 12, 14, 16, 18 by splice connectors or 
fusion. 

[0022] Referring now to Figure 2, a second embodiment of the delay optical wave 
guides 140, 140 f and 140' is shown. Each delay optical wave guide 140, 140 ! , 140" has a 
different index of refraction, n d . This allows delay optical wave guides of approximately the 
same length to be utilized to achieve different delay times based on the difference in 
refractive index. For example, the delay optical wave guide 140 may have a refractive index 
of 1 .5 and the delay optical wave guide 140' may have a refractive index of 1 .7. These can 
be used in conjunction with optical channels having a refractive index of 1 .5 or less in order 
to provide different temporal delays for optical pulses traveling in channels 14 and 16 
relative to the optical channel 12, which is illustrated as not including a delay optical wave 
guide. 
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[0023] Referring now to Figure 3, depending upon the length of the optical channels 
12, 14, 16, which is preferably on the order of 100 meters or greater, the length of the delay 
optical wave guide 44 may be such that the delay optical wave guide 44 is coiled in order 
to conserve space. However, this would be a function of the temporal skew between 
channels and the amount of deskewing desired for a multi-channel optical cable 10. 
[0024] Additionally, it would be possible to provide the same effect as serially 
connecting delay optical wave guides to the channels 12, 14, 16, 18 if a predetermined 
length of optical fiber is removed from the ends of the slowest channels. This length can be 
calculated in the same manner as the lengths of the delay optics to be added, as noted above, 
except that the temporal delay in an optical signal transmitted through the slowest channels 
relative to the fastest channel is used to determine what length of fiber is to be removed from 

M each of the slowest fibers. 

□ 

□ [0025] Those skilled in the art will recognize from the present disclosure that 

H 

S\ combinations of one or more of the above-described delay optical waveguides may be 

u 

y utilized for a given application. 

[0026] In order to skew or deskew the multi-channel optical cable 10 in accordance 
with the present invention using the delay optics devices such as the delay optical wave 

ni 

M guides 40, 40', 40" and/or 140, 140\ 140", it is first necessary to determine an optical pulse 

□ transmission time in at least a first channel 12 and a second channel 14 of the multi-channel 
optical cable 10. This can be done in the known manner utilizing an optical test signal 
generating circuit and time measuring circuit which either measure directly the transmission 
time of a signal through a given channel or measure the transmission time and reflection 
time of an optical signal through a channel. Once the transmission time is known, a relative 
pulse delay between the first channel 12 and the second channel 14 of the multi-channel 
optical cable 10 is calculated. In order to deskew the first and second optical channels 12, 
14, delay optics 40, 44, 140 with a selected relative pulse delay equal to the calculated 
relative pulse delay between the first and second channels 12 and 14 is serially optically 
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connected to at least one of the channels 12 and 14 to skew or deskew the first channel 12 
relative to the second channel 14, depending upon the system requirements. This can be 
done for cables which are 1 00 meters in length or longer in order to provide a multi-channel 
optical cable 10 which is passively deskewed such that optical signals which are transmitted 
simultaneously through the multi-channel optical cable 1 0 are simultaneously received at the 
detector 30. The same effect can also be achieved by trimming the length of the slowest 
channel a predetermined length based on the delay time and the index of the channel. 
[0027] The multi-channel optical cable 10 may have any desired number of optical 
channels, as required for a particular application. The relative pulse delay between each of 
the channels 12, 14, 16, 18 relative to a slowest channel, here channel 12, is calculated and 
mapped in order to avoid the need for skew matching of the channels prior to formation of 
the multi-channel optical cable 10. Delay optical wave guides 40, 40 1 , 40", 44, 140, 140', 
140" are then serially optically connected to each of the respective channels except the 
slowest channel to deskew the channels relative to one another. It is also possible to connect 
delay optics to all of the channels, including the fastest channel, if desired. The optical 
connection may be formed utilizing an optical adhesive or epoxy or through any other 
known optical connecting means. 

[0028] A plurality of pre-calibrated delay optical wave guides 40, 40 f , 40", 44, 140, 
140', 140" having different delay times may be provided. A delay optical wave guide can 
then selected for each of the channels 12, 14, 16, 18 to be adjusted based on the relative 
pulse delay mapping which is initially performed on the multi-channel optical cable 10. 
Alternatively, the length of each delay optical wave guide 40, 40', 40", 44, 140, 140*, 140" 
may be calculated for each channel and cut to the appropriate length. As a result of the 
mapping and serial optical connection of the delay optical wave guides, multi-channel 
optical cables having an optical skew of less than 100 picoseconds, and preferably less than 
20 picoseconds can be created in a simple and efficient manner for optical cables 10 having 
a length of 100 meters or greater. This can also be accomplished by trimming the length of 
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the optic fibers forming the slowest channels by a calculated amount based upon the index 
n of the channel and the temporal delay relative to the fastest channel. 
[0029] While the illustrated embodiments show the delay optical wave guides 40, 44, 
140 connected on an output end of the channels 14, 16, 18, those skilled in the art will 
understand from the present disclosure that they could also be connected at the input end or 
at any intermediate juncture in the optical channels 14, 16, 18. Additionally, the delay 
optical wave guides 40, 44, 140 can be used in splicing multi-channel optical cables 10 
together. 

[0030] While in the preferred embodiment passive delay optical wave guides 40, 140 
are utilized as the delay optics device, those skilled in the art will recognize from the present 
disclosure that active devices could be utilized in order to provide the desired optical delay 
on the selected channels in order to deskew a multi-channel optical cable 10. It will 
similarly be recognized that skewing of the channels 12, 14, 16, 1 8 can be carried out in the 
same manner based upon the mapping of the relative pulse delays between the channels 12, 
14, 16, 18 of the multi-channel optical cable 10, and adding or subtraction optic material to 
provide additional skew. 

[0031] Referring now to Figure 4, a graph showing relative arrival times of light 
pulses P1-P8 through an eight channel optic fiber cable which had a length of 
approximately 500 meters is shown prior to deskewing. The test cable included eight optic 
fibers having an index of n=l .483. The time scale on the bottom of the graph is only used 
for the purpose of determining relative arrival times and is not indicative of the total time 
of flight of each pulse. The fastest pulse P 1 was in the first channel and had an arrival time 
which was 446.96ps faster than the slowest pulse P5, requiring a delay in the first channel 
of t d = 446.96 ps. The length of a delay optical wave guide required for the first channel with 
pulse PI is therefore calculated as L d = t d *C/n d . In the present case, this yields a for the 
delay optical wave guide to be added to the first channel (with pulse PI) having a length of 
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90.35 mm. A similar calculation is done for the delay optical wave guide for each of the 
other channels based on pulses P2-P4 and P6-P8 relative to the slowest pulse P5. 
[0032] In the preferred embodiment, the delay optical wave guides in the form of 
optical fibers are connected to each of the channels using optical connectors. As a practical 
matter, it is not possible to work with delay optic fibers having lengths of 90 mm or less. 
Accordingly, a base length of 200 mm of delay optical fiber is added to each of the eight 
channels to arrive at L tota! for each channel. Those skilled in the art will recognize that this 
base length can be varied based on particular needs. In this example, the measured delay 
times required, the core index and the calculated length and total length of the delay optic 
fiber for each channel is shown below: 


Fiber 1 2 3 4 5 6 7 8 


Delay (ps) 

446.96 

285.64 

384.8 

260.48 

0 

214.6 

281.2 

232.36 

Index (n d ) 

1.483 

1.483 

1.483 

1.483 

1.483 

1.483 

1.483 

1.483 

L d (mm) 

90.35 

57.74 

77.79 

52.66 

0 

43.38 

56.84 

46.97 

L total( mm ) 

290.35 

257.74 

277.79 

252.66 

200 

243.38 

256.84 

246.97 


[0033] Referring now to Figure 5, a graph with relative arrival times of light pulses 
P1-P8 after deskewing through the addition of the delay optics is shown. As can be seen 
from Figure 5, the deskewed pulses P1-P8 have arrival times within about 20 ps of one 
another for all eight channels. 

[0034] If deskewing is to be accomplished through the removal of material from each 
optic channel, a similar calculation is required for each channel in order to determine the 
length to be removed from the slowest channels. In this case, the delay time t d is measured 
as the difference between slower channels and the fastest channel. The length to be removed 
L r = t d * C/n, where n is the index of the channel. 

[0035] While the preferred embodiments of the invention have been described in 
detail, the invention is not limited to the specific embodiments described above, which 
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should be considered as merely exemplary. Further modifications and extensions of the 
present invention may be developed based upon the foregoing, and all such modifications 
are deemed to be within the scope of the present invention as defined by the appended 
claims. 


